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(54) FORMATION OF INSULATION FILM 

(57) Abstract: 

PURPOSE: To provide a method for forming with high 
productivity an interlayer insulation film which has a 
low concentration of hydroxyl radicals, an excellent 
film quality, favorable gap-fill characteristics, and is 
easy of flattening. 

CONSTITUTION: The method for forming an insulation 
film comprises, in forming an insulation film on a 
semiconductor substrate, steps of depositing water 
molecules to insulation film forming surfaces 32, 34 of 
the substrate by means of normal pressure CVD or 
reduced pressure CVD while ultrasonic waves are being 
applied to the substrate, and using as material gas 
silicon-containing gas and inorganic acid to form an 
insulation film 36 on the insulation film forming 
surface of the substrate by means of CVD. Alternatively, 
plasma CVD may be used to deposit water molecules and 
plasma dissociation substances in water to the 
insulation film forming surface of the substrate. Thus 
fluidity of the insulation film may be increased, 
whereby insulation films which are flat free from gaps 
and has a low concentration of hydroxyl radicals in the 



film and good quality can be formed with high productivity. 
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* NOTICES * 



Japan Patent Office is not responsible for any 
danages caused by the use of this translation. 

1. This document has been translated by computer.So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.ln the drawings, any words are not translated. 



MEANS 



[Means for Solving the Problem] It is TEOS/H 202 which this invention person mentioned above 
in sblvingthe aforementioned trouble. In the -method of forming an insulator layer by system 
material gas, the cause by which the hydro xyl-group concentration in a layer insulation film 
becomes high is pursued, and the cause is H2 02. It found out that it was in regular supply. 
Namely, H2 02 Since always supplying is substantially [ as having always added water to material 
gas ] the same and water is incorporated in an insulator layer, the hydro xyl-group concentration 
in a film rises. **************** to which a front face will convert into a hydrophilic property 
and insulating membrane fluidity will increase on the other hand if the organic solvent is applied 
to an insulator layer formation front face before membrane formation of an insulator layer so 
that clearly from the membrane formation method of of 03 /TEOS-CVD film by ordinary- 
pressure CVD. 

[0010] Then, this invention person considered raising insulating membrane fluidity by applying 
this principle to the insulator layer formation by the silane content compound and the inorganic 
acid, performing surface treatment by water before the membrane formation process of an 
insulator layer, converting a front face into a hydrophilic property, and improving wettability on 
the front face of a ground. Furthermore, when impressing the ultrasonic wave to the substrate in 
parallel with the surface treatment by water, it was considered by ultrasonic energy that it could 
make a moisture child or the plasma deviation object of water adhere deeply enough to the 
bottom of a level difference, without being dependent on the aspect ratio of a circuit pattern, 
and the upper surface of wiring and an insulating film surface. And surface treatment of the 
substrate by water is performed before the membrane formation process of an insulator layer, 
and the inside of a membrane formation process is TEOS/H 202. By not adding water to 
material gas unlike a method, it hit on an idea of making it not make the hydroxyl-group 
concentration in a film increase. That is, by performing substrate surface treatment with water, 
impressing an ultrasonic wave to a substrate first, in case an insulator layer is formed from an 
organic silane compound and an inorganic acid, and forming an insulator layer after that, it tried 
to attain the above-mentioned purpose, and conditions are checked for an experiment in piles 
and it came to complete this invention. 

[0011] this invention is characterized by providing the following in the insulator layer formation 
method concerning this invention based on the acquired knowledge, in order to attain the above- 
mentioned purpose. The process which makes a moisture child adhere to the insulator layer 
forming face of a substrate by ordinary-pressure CVD or reduced pressure CVD, impressing an 
ultrasonic wave to a substrate in forming an insulator layer on a semiconductor substrate. 
Subsequently, the process which uses silicon content gas and an inorganic acid as material gas, 
and forms an insulator layer on the insulator layer forming face of a substrate by CVD. 
[001 2] For frequency, the range of the range of 20 to 80kHz and an output of the ultrasonic 
wave to impress is SOW to 300W suitably. It can be impressed by the substrate by impressing an 
ultrasonic wave to a part of CVD system and the susceptor which carries a wafer suitably. When 
making a moisture child adhere by ordinary-pressure CVD, an atmospheric pressure CVD system 
is used, a pressure is an ordinary pressure, and the suitable condition is temperature SOdegreeC. 
Shell 100degreeC They are the range, the range of H2 .0 flow rate 100sccm to 500sccm(s), and a 



range for processing-time 30 seconds to 1 minute. Moreover, in making a moisture child adhere 
from reduced pressure CVD, it uses a low pressure CVD system, and the suitable condition is 
the range of 80Pa, and temperature 50degreeC from the pressure of 1 3.3Pa. Shell 100degreeC 
They are the range, the range of H2 0 flow rate SOsccm to 300sccm(s), and a range for 
processing-time 30 seconds to 1 minute. 

[0013] On the other hand, the formation process of an insulator layer can be carried out on the 
usual membrane formation conditions of an insulator layer with an atmospheric pressure CVD 
system, a usual low pressure CVD system, and usual plasma CVD equipment. Therefore, since 
the membrane formation productivity of the same insulator layer as usual is maintainable, a bird 
clapper does not have productivity in a problem like Bias-efficient consumer response and the 
CVD mentioned above. 

[0014] Moreover, this invention is characterized by providing the following. The process which 
makes the plasma deviation object of a moisture child and a moisture child adhere to the 
insulator layer forming face of a substrate by the plasma CVD method, impressing an ultrasonic 
wave to a substrate in 'forming an insulator layer on a semiconductor substrate. Subsequently, 
the process which uses silicon content gas and an inorganic acid as material gas, and forms an 
insulator layer on the insulator layer forming face of a substrate by CVD. the case where a 
moisture child and the plasma deviation object of water are made to adhere by the plasma CVD 
method — plasma CVD equipment — using it — the suitable condition — the range of the 
pressure of 1.33Pa to 50Pa, and temperature SOdegreeC from — lOOdegreeC The range, the 
range of H2 O flow rate 20sccm to 100sccm(s), and RF power density 0.01 W/fcm2 from — 
0.1W/fcm2 They are a range and a range for processing-time 30 seconds to 1 minute--—. 
[0015 ] Although there is especially no limitation, either TEOS, OMCTS, TPOS and(TMCTS)can 
be suitably used for the silicon content gas used by this invention, for example . AltlioIIgft^here is 
especially no limitation, ozone, oxygen, or nitriding oxygen can be suitably used for the inorganic 
acid used by this invention. 

[0016] Moreover, another suitable embodiment of this invention method is characterized by 
adding either ammonia or the low-grade alkylamines as basic reaction catalyst gas to the 
material gas which consists of the aforementioned silicon content gas and an inorganic acid. 
Here, a low-grade alkylamine means the alkylamine which has an alkyl group with few carbon 
numbers, such as a monomethylamine, an ethylamine, and an isopropylamine. By adding basic 
reaction catalyst gas, it is because the dehydration condensation reaction of an organosilicon 
compound advances smoothly and can realize membraneous quality with the good low of 
hydroxyl-group concentration. 

[0017] Furthermore, silicon content gas and an inorganic acid are used for another suitable 
embodiment of this invention method as material gas, and it is characterized by impressing an 
ultrasonic wave to a substrate in the process which forms an insulator layer on the insulator 
layer forming face of a substrate by CVD. For frequency, the range of the range of 20 to 80kHz 
and an output of the ultrasonic wave to impress is 50W to 300W suitably. By impressing a part of 
CVD system during membrane formation, and impressing an ultrasonic wave to the susceptor 
which **** a substrate suitably, ultrasonic energy can be given to a substrate, the fluidity of the 
reaction kind in membrane formation process can be Raised, and the layer insulator layer of a 
flattening configuration without an opening can be formed. Moreover, impression of this 
ultrasonic wave contributes also to reduction of the hydroxy! group in a film. 



[Translation done.] 



